Introduction
The laboratory practical has an important role in shaping prospective analytical chemists. Students become familiar with the practical aspects of the discipline and can better understand what they listened to during the lectures. However, of at least equal importance are their attitudes to laboratory work and the practical skills they develop.
Learning how to perform laboratory operations correctly, being capable of working in an organised and well-considered way, following written procedures, and documenting processes adequately are aspects of good laboratory practices (GLPs), also abbreviated GLP by some authors [1] , to distinguish them easily from good laboratory practice, GLP, which denotes a formal regulative document of the US Food and Drug Administration [2] . GLP in contrast to GLPs is a document including a set of official requirements that pharmaceutical studies should adhere to, to make their findings acceptable to official bodies. A clear link between the raw data and the findings should be established through the documentation.
Nevertheless, as William Horwitz pointed out, both are connected, since good practices in analytical chemistry are more a matter of common sense than an artificial bureaucratic burden, as some people were claiming when GLP was introduced [3] . Good practices reduce error rates, contribute to the quality of the analytical results and make analytical chemists more reliable and more efficient when conducting research work or routine analyses. After all, every quality-regulation scheme requires skilled and resourceful personnel.
Good practices do not develop in students automatically, just by them being involved in practical work. The students need to be taught about these practices and trained in them, so that they become second nature. There are a variety of approaches to achieving this. Here, we describe and compare two variants of analytical chemistry laboratory practicals and discuss their influence on the students' self-efficacy beliefs (SEBs) and awareness of GLPs.
Our inspiration came from an observation that a narrowerand-deeper approach might be more profitable for the students than a wider-and-shallower one. We noticed this in 2017, when we evaluated how well prepared for different aspects of analytical chemistry the students of different programmes consider themselves to be at the end of their education in analytical chemistry. The third-year students of the first Bologna cycle in Chemistry and a vocational programme in Chemical Technology, and the first-year students of the programmes Laboratory Biomedicine, first Bologna cycle, and Pharmacy, unified first and second Bologna cycles, were involved.
The major difference between the groups of younger students was observed in the SEBs of being able to manipulate analytical instruments correctly, in which the students of Laboratory Biomedicine exhibited the highest confidence of all the groups. We found this surprising, since in their study programme, only 14 h of the laboratory practicals, out of 30 in total, was devoted to instrumental methods, the lowest share of all the groups. It seemed that the way they were treated had contributed. We decided to re-examine the SEBs of the students of Laboratory Biomedicine and Pharmacy in 2018 to evaluate how significant the differences between the two approaches are. We additionally used a pre-and a post-test to measure the impact of the laboratory practical on improving the students' awareness of GLPs after completing a practical in analytical chemistry.
Methods

Participants and procedures
During the second semester, students of the first Bologna cycle programme of Laboratory Biomedicine and a uniform master's degree study programme of Pharmacy have 6 and 8 ECTS (European Credit Transfer System), respectively, allocated to Analytical Chemistry. The education provided to the students by analytical chemists finishes at the end of the first year. Analytical chemistry topics are included in other subjects, which brings the programmes closer to 15 ECTS, as suggested by Eurocurriculum II, but they are not taught by analytical chemists [4] .
Both programmes have analytical chemistry laboratory practicals integrated into a module. The share of the contact hours between lectures, seminars and laboratory practicals is different and specified in Table 1 . The students of the two programmes listen to the lectures separately, although the lecturer is the same.
Approximately 150 students of Pharmacy and usually between 40 and 50 students of Laboratory Biomedicine enter the programme. Both programmes are oversubscribed and consequently only available to students with excellent results at the pre-university level.
A typical number of students in a group for a laboratory practical is 15. Due to the large number of groups, the students of Pharmacy have the first 3 days of a week mainly dedicated to practicals for different subjects, and the remaining two to lectures. The practicals in analytical chemistry start for them simultaneously with the lectures, and last for 10 weeks.
In the timetable for Laboratory Biomedicine, only 2 h per week (2 × 45 min) is dedicated to analytical chemistry practicals. The time is far too short to perform analytical work. Therefore, the contact hours had to be reorganised so that during the first 6 weeks, there are 6 h of lectures, during the following 3 weeks, 3 h of lectures and 4 h of practicals, and during the final 4 weeks, practicals only. Rescheduling made it possible to introduce the theoretical background during the lectures, before it is required for the practicals.
Instruments and data evaluation
We developed a paper-form questionnaire in which students graded their SEBs concerning different analytical chemistryrelated competencies and practical skills on a scale from 0 to 100% competent. The opening phrase was: "How well prepared do you consider yourself at the end of a course for …." The questionnaires were presented to the students during supervised sessions close to the end of the second semester. The students were asked to respond individually.
We created a pre-and a post-test to measure the potential improvement in the students' awareness of GLPs after completing a practical in analytical chemistry. The pre-test comprised 19 closed-ended four-choice questions, 10 of which were used in the post-test, one of which had to be adapted to prevent the effect of memorising. The questions were elected for a post-test, first, if they were considered predominantly practical influenced and, next, if a low awareness was observed for at least one group of students, or the topic was considered very important. The Kahoot online voting system was used during the lectures. Neither of the tests was announced in advance and the students did not prepare for any of them. In order to ensure that the practical was guided as usual, and that the staff did not influence the outcomes through their own intentions, they were not made aware of the testing taking place during the lectures. The percentage of correct answers was calculated from the number of participants in the online quiz and not from the number of responses to a particular question.
The data were evaluated with MS Excel and Statgraphics Centurion XVI.
Results and discussion
Comparison of the two versions of the analytical chemistry laboratory practical
The first 5 weeks of the laboratory practical for students of Pharmacy is dedicated to titrimetric methods. During the subsequent 5 weeks, they perform instrumental analyses. The programme is summarised in Table 2 . The focus is on determinations and report writing. Due to the fact that the lectures and the practicals start simultaneously, the students generally perform the laboratory activities before a topic is introduced during the lectures. Consequently, the laboratory instructions need to comprise the essential background, while the directions for practical work are brief, and general GLPs are not discussed. For practical aspects and the use of instrumentation, the students depend on staff support, oral instructions, demonstrations or interventions.
By rescheduling the timetable, it was possible to ensure for the Laboratory Biomedicine students that laboratory activities take place after the presentation of the theory. This made things easier; however, the challenge of how to make an impact with a 30 school hours (22.5 full hours) of practicals remained. We decided to dedicate the first session to gravimetric analyses, the following three to titrimetric methods, the next one to a total analytical process, and the remaining two to instrumental methods. Due to the very limited times for instrumental analyses in the programme, we opted for a more in-depth approach and limited ourselves to just molecular absorption spectrometry and potentiometry. The activities of the last three sessions are more precisely described in Table 3 . In comparison with Table 2 , it is obvious that the workload is much higher for the students of Laboratory Biomedicine than for the students of Pharmacy. In order to achieve higher efficiency, appropriate support was needed.
We decided to write a comprehensive textbook for the laboratory practicals that would introduce the students to GLPs and would be detailed and instructive enough to make the students as independent as possible when performing the laboratory activities and handling the instrumentation [5] . The students are required to read the content carefully, and well in advance, to become familiar with the approaches that they are going to use. There is not enough time to start reading the materials during the sessions. The theory is not repeated, the students are expected to revise it through an inquiry-based approach as a preparation for the laboratory work. The textbook is also a workbook. The symbol of a watch indicates to the students what they need to do in advance in the form of preparation; a notebook symbol indicates where the results ought to be recorded, treated or graphically presented; and a flag symbol points out where interpretations, explanations or conclusions should be presented. The students are encouraged to fill in as much as possible during the laboratory sessions. They are not required to write an extra report afterwards.
The students of Laboratory Biomedicine receive information about the accuracy of their results in the form of control charts comprising the results of all the students in a group. They can compare their own achievements with those of the others and are at the same time becoming familiar with the charts, which are an essential part of quality control. Each result within a ± 5% tolerance limit increases the mark for the student concerned with respect to a particular degree.
The practical continues with the activity "Evaluation of a natural water source", as a student's individual mini-project (Table 3) , which raises the interpretation of the results to a higher level. Each student chooses a water source that he or she knows well and would like to examine, gathers information about the geology, natural environment and possible human-related influences, states the hypotheses and then performs the field sampling. The students bring the samples to the laboratory and they exchange working places so that each student determines seven parameters in his/her own water sample. They collect and obtain the results for all the samples. They write an essay and discuss the characteristics of their water source with respect to the background they studied initially, and hopefully also within the wider context of the characteristics of the other water sources. They are encouraged to During the instrumental sessions, the students become acquainted with different aspects of molecular absorption spectrometry and potentiometry (Table 3) . They are divided into smaller groups and rotate between the different working places. They deal with instruments that have different designs and sophistication independently, by following written instructions in the textbook/workbook, and treat, present and interpret the data as required.
Students' responses-self-efficacy beliefs
Students graded their SEBs as a percentage. The group means regarding the four different abilities are summarised in Table 4 . The abbreviations FARM or LBM stand for the groups of students from Pharmacy or Laboratory Biomedicine, respectively. A year indicates a generation. For all the abilities, the means of the LBM were higher than those of the FARM.
A 95.0% Fisher's least-significant-difference procedure (95.0% LSD) was used to recognise the significant differences among the means of the groups of students. The test confirmed that for each of the four statements FARM 2017 and 2018 represent homogenous groups, and the same is true for LBM 2017 and 2018. However, students of LBM and FARM, no matter which generation, present two distinct groups concerning the SEBs of being able to perform laboratory operations correctly or communicate with analytical chemists. For the SEBs of being able to work with instrumentation, the mean of LBM 2018 was significantly higher than the means of both generations of FARM. Concerning the ability to treat and interpret data independently, both generations of LBM exhibit significantly higher confidence than FARM 
2017
. We can conclude that the way students were treated contributed to their SEBs. A deeper-and-narrower approach proved more beneficial to the students' SEBs than the widerand-shallower one. Several authors consider that higher SEBs contribute to students' performance and achievements [6] [7] [8] [9] .
In the continuation, we examined to what extent the laboratory practical influenced the students' awareness of GLPs.
Students' awareness of good laboratory practices
In Figs. 1 and 2 , we compare the percentage of correct answers for the pre-and the post-test for the two programmes. The empty bars relate to LBM, and the grey bars to FARM. A bold bar outline indicates the post-test results for both programmes. It should be mentioned that the students of Pharmacy previously took part in a practical in general chemistry. In contrast, for the students of Laboratory Biomedicine, this was the first chemical-laboratory experience. The aspects of the analytical balance's weighing capacity, the preparation of a solution from a solid, the use of volumetric equipment, the handling of an electrode with a liquid junction, the emptying of a spectrometric cuvette correctly, the choice of a light source in relation to the colour of a solution, and organising a working space were covered. The general observation based on Figs. 1 and 2 is that the students of Laboratory Biomedicine made more progress than the students of Pharmacy. Their awareness of GLPs usually improved to a greater extent, and they reached a higher percentage of correct answers in the post-test than the students of Pharmacy.
For LBM, the highest 80 to 90% awareness of GLPs was observed for cuvette manipulation, correct use of the excalibrated pipette, and pipette manipulation when delivering a liquid. Similarly, the latter two aspects were also among the best post-test achievements for FARM, with 68 and 50%, respectively.
In contrast to what was already discussed concerning volumetric operations, a misconception was recognised in relation to the meniscus setting. The improvement from the pre-to the post-test was only from 10 to 33% of the correct answers for LBM, and no real improvement at all for FARM, with 10 and 12% of the correct answers, respectively. The students mainly did not recognise that while setting a meniscus, delivering the solution back into the same vessel from which it was initially drawn is not an aspect of GLPs.
A different pattern than generally encountered was observed for the preparation of a solution from a solid in which FARM with 54% of correct answers outperformed the students of LBM, who reached 33%. Another exception is organisation of the working space, in which students of both programmes in the post-test achieved a similar percentage of correct answers, close to 35%. In this case, it turned out that the improvement was more likely caused by the lectures than the practical.
The pre-to post-test-performance comparison of the programmes proved that the way the students were treated during the practical contributed to their awareness of GLPs. At the same time, the higher SEBs in the students of Laboratory Biomedicine did not turn out to be without foundation, as they are related to a better awareness of GLPs.
Conclusions
This study confirmed that GLPs do not develop in students automatically, just by being involved in practical work. Students need to be taught about them and trained in them to make them second nature, and that a narrower and more indepth approach proved to be beneficial. The laboratory work instructions for Laboratory Biomedicine [5] were comprehensive and much more extensive than those of a comparable group from Pharmacy, and allowed the students to work independently, more intensively and with as little intervention Fig. 2 Results of the pre-and the post-test evaluation of the students' awareness of GLPs concerning fundamental laboratory skills from the staff as possible. GLPs received proper attention. A mini-project covering the total analytical process, data interpretation within a wider context, control charts stimulating the quality of the analytical work, and experiences with instruments of different designs and sophistication were part of the approach. As a result, higher SEBs associated with better awareness of GLPs were observed in students of Laboratory Biomedicine than in students of Pharmacy.
